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DATA COMMUNICATION APPARATUS

TECHNICAL FIELD

This invention relates to data communication appara-
tus and more particularly to a data communication ap-
paratus in which a bidirectional data communication
between two apparatus can be made by a single signal

line.
BACKGROUND ART

When a video signal picked up by, for example, a
video camera is recorded by a video tape recorder
(VTR), in order to operate these two apparatus in syn-
chronism with each other, if the VTR, for example, is
used as a master apparatus and the video camera as a
slave apparatus, data signals containing a control signal,
a mode signal, an answer signal and the like must be
interchanged therebetween. In such case, in the prior
art, as shown in FIG. 1, two signal lines 3 and 4 are

generally interconnected between a master apparatus 1

and a slave apparatus 2. Then, in order that through the
first signal line 3, a clock signal S1 (FIG. 2A) is trans-
mitted from the master apparatus 1 to the slave appara-
" tus 2 and that in synchronism with this clock signal S1,
a data signal S2 (FIG. 2B) is transmitted from the mas-
ter apparatus 1 to the slave apparatus 2, a data signal
DT12, of time points from t; to tyis transmitted from the
master 1 to the slave 2 or, in the reverse direction, a data
signal DT21 of time points from t3 to t4 is transmitted
from the slave apparatus 2 to the master apparatus 1. In
the case of FIG. 1, the level of the signal line 3 for the
clock signal S1 is always maintained at logic level “1”
so that during the interval t; to t2 or the interval t3 to t4
in which each bit of the data signal DT12 or DT21 of,
for example, 4 bits is transmitted, the level of this signal
line falls down to logic “0” with a duty ratio of 3.

As described above, in the prior art, in order that the
data signal S2 may be positively interchanged between

the two apparatus without being dropped, it is impor-

tant that while the two apparatus are being operated in
synchronism with each other by the common clock
signal S1, the data is interchanged bit by bit therebe-
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tween so as to prevent the transmission and reception of 45

the data signal S2 from being overlapped in time.

However, according to the circuit arrangement of
FIG. 1, the two signal lines 3 and 4 must be provided
and hence this puts a restriction on simplifying the cir-
cuit arrangement of the control system as the total sys-
tem including two apparatus.

DISCLOSURE OF INVENTION

In this invention, when a bidirectional communica-
tion of data between a master apparatus and a slave
apparatus is carried out through a single transmission
line, a transmission period of one apparatus and that of
the other apparatus are formed as one block and this one
block is repeated. Within one block, the transmission
period of one apparatus and that of the other apparatus
can be discriminated from each other and one block and
another one block can also be discriminated from each
other. Accordingly, in this data communication appara-
tus, the transmission and reception of data are respec-
- tively carried out in timing by a start signal from the
master apparatus side and at least a start signal used to
transmit the data from the slave apparatus to the master
apparatus is always transmitted from the side of the

30

33

63

2

master apparatus to the side of the slave apparatus at a
predetermined cycle. |

According to the present invention as mentioned
above, since the transmission from the master apparatus
and the transmission from the slave apparatus are car-
ried out under the condition that both transmissions are
formed as one block, they are respectively carried out
during different periods having the predetermined se-
quential orders within one block and by the start signal
from the master apparatus, both of the transmission and
the reception are started, and both transmission periods
are never overlapped with each other. Further, upon
transmitting data from the master apparatus to the slave
apparatus, on the basis of the transmitted start signal,
data can be latched in the slave apparatus, while upon
transmitting data from the slave apparatus to the master
apparatus, on the basis of the start signal generated from
the master apparatus, data can be latched in the master
apparatus. Accordingly, only by the single transmission
line with the transmission line of the clock signal being
omitted, the bidirectional communitcation between the
master apparatus and the slave apparatus can be made.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a block diagram of an example of a prior art
data communication apparatus;

FIGS. 2A and 2B are a waveform diagram useful for
the explanation thereof;

FIG. 3 is a block diagram showing an embodiment of
a data communication apparatus according to this in-
vention;

FIGS. 4A-4F and S are respectively timing charts
useful for the explanation thereof:

FIGS. 6 to 8 are respectively timing charts useful for
explaining another embodiment of this invention; and

FIGS. 9 and 10 are respectively flow charts of a main
part of the embodiment of this invention in FIG. 3.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 3 illustrates an embodiment of this invention in
which a VTR is a master apparatus and a video camera -
is a slave apparatus.

Referring to the figure, reference numeral 10 desig-
nates the VIR and 20 the video camera. The VIR 10
accomiodates therein a microcomputer and comprises
a communication control section 11 for carrying out the
communication and other control operation, a video
circuit and mechanical deck section 12, a function key
section 13 of VTR, a VTR mode display section 14, a
remote control function key section 15 for the video
camera 20 and a transmitter-receiver 16. On the other
hand, the video camera 20 accommodates therein a
microcomputer and comprises a communication con-
trol section 21 for carrying out the communication and
other control operation, a video camera function key
section 22, a remote control function key section 23 for
remote controlling the VTR 10, a display section 24
capable of display within, for example, a viewfinder and
a transmitter-receiver 25. Reference numeral 26 desig-
nates a drive circuit of a zoom motor 27. |

Reference numeral 30 designates a single communica-
tion line which is adapted to transmit a control signal
between the VTR 10 and the video camera 20.

The function key section 13 of the VTR 10 is pro-
vided with function keys such as a record mode key, a
playback mode key, a pause mode key, a fast forward
mode key, a rewind mode key, a stop mode key and so
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on. When any one of these function keys is operated, the
microcomputer of the control section 11 identifies the
operated function key, which then is displayed on the
display section 14. At the same time, the required con-
“trol signal is supplied to the video circuit and mechani-
cal video deck section 12, by which the VTR is set in

the mode corresponding to the operated function key.
The remote control function key section 23 at the side
of the video camera 20 is also provided with function

keys such as a record mode key, a playback mode key, 10

a pause mode key, a fast forward mode key, a rewind
mode key, a stop mode key and so on. When any one of
the function keys is depressed, as will be described later,
from the side of the video camera 20, a control data is
transmitted through the communication line 30 to the
VTR 10, in which this control data is latched in the
register in the microcomputer of the communication
control section 11. As a result, on the basis of the con-
tent of the data and the state of the key input of the
function key section 13 of the VTR 10, the mode of the
VTR 10 is determined and the determined mode is
displayed on the display section 14 and the necessary
control signal is supplied to the video circuit and me-
chanical deck section 12, whereby to place the VTR in
the determined mode. The reason why the mode of the
VTR 10 is determined on the basis of the data transmit-
ted from the video camera 20 and the state of the func-
tion key section 13 of the VTR 10 is to prevent mis-
operation. For example, since the fast forward mode is
not set while the recording is made by the video cam-
era, at this time, the command of the fast forward mode
is ignored and the recording mode is continued. This
operation is carried out by storing in the microcom-
puter a data which determines the next mode of the
VTR 10 relative to the combination of the remote con-
trol signal and the mode of the function key.

From the VTR 10, a signal data indicative of the fact
that the VTR is placed in the determined mode is trans-
mitted to the side of the video camera 20, while the
video camera 20 receives such signal data and then
displays the mode of the VTR 10 in the display section
24 within the viewfinder.

The remote control function key section 15 of the
VTR 10 for remote-controlling the video camera 20
includes function keys such as a focus key, an iris key, a
zoom key, a pan key, a tilt key and so on. For example,
when the zoom key is operated, as will be described

later, a zooming data is transmitted through the commu-

nication line 30 from the VTR 10 to the video camera
20 in which the zooming data is latched in the register
of the microcomputer of the communication control
section 21 of the video camera 20 and the zooming data
1s supplied through the motor drive circuit 26 to the
zoom motor 27, thus the zooming operation being car-
ried out.

In the video camera 20 if the function key section 22
is operated, the operation corresponding to the above
key operation is carried out by the video camera 20 on
the basis of the signal from the microcomputer of the
control section 21. For example, when the zoom key is
operated in the video camera 20, the zooming operation
is carried out.

The bidirectional communication is carried out
through the single signal line 30 as follows.

'The communication control section 11 of the VTR 10
1s provided with a shift register 111 of, for example, 8
bits. An input terminal IN of this communication con-
trol section 11 is connected to the serial input terminal
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of this shift register 111 and the serial output terminal of
this shift register 111 is connected through an AND
gate 112 to an output terminal OUT of the communica-
tion control section 11. Between this shift register 111
and the data bus of the microcomputer, a data is written
and/or read in the form of parallel data.

The serial data is latched in and/or read out from this

shift register 111 on the basis of a clock pulse produced
from a clock generating circuit 113. The clock generat-

ing circuit 113 produces 8 clock pulses when a start
signal is produced from a start signal generating circuit
114. |

The start signal from the start signal generating cir-
cuit 114 1s supplied through the AND gate 112 to the
output terminal OUT of the communication control
section 11. -

The output terminal OUT of the communication
control section 11 is connected to an output amplifier

161 of the transmitter-receiver 16. The output terminal

of the output terminal amplifier 161 is connected
through a pull-up resistor 162 to, for example, a positive
voltage source Vcc. Accordingly, under the state that
the output amplifier 161 does not produce an output of
logic “0”, the level of the communication line 30 which
1s connected to the output terminal of the output ampli-
fier 161 through the resistor 162 is pulled up to logic
13 l ‘l'!“‘I ;

To the output amplifier 161, there is supplied a trans-
mitting and receiving control signal RW1 from a termi-
nal R/W of the communication control section 11.
When the transmitting and receiving control signal
RW1 is logic “1” in level, the VTR 10 is placed in the
transmission mode and the output amplifier 161 is set in
the enable state so that the output amplifier produces at
its ouiput terminal an output of a logic level corre-
sponding to the change of the logic level of each bit of
the data signal DT1 from the output terminal OUT of
the communication control section 11, which then is
transmitted to the communication line 30.

When, on the other hand, the transmitting and recetv-
ing control signal RW1 is logic “0” in level, the output
amplifier 161 is set in the state of producing no output
and the output impedance thereof is made at high level.
Accordingly, under this state, if the logic level of the
communication line 30 is changed, a data indicative of
such change is applied to the input terminal IN of the
communication control section 11 as an input signal
thereof.

The communication control section 21 of the video
camera 20 is provided with a shift register 211 of 8 bits
for use in latching therein and transmiiting the serial
data. The serial input terminal of the shift register is
connected to an input terminal IN of the communica-
tion control section 21 and the serial output terminal
thereof is connected to an output terminal OUT of the
communication control section 21, respectively. Then,
8 bit parallel data is interchanged between this shift
register 211 and the data bus of the microcomputer.

The writing and/or reading of the serial data in and-
/or from the shift register 211 is carried out by a clock
pulse generated from a clock generating circuit 212.
This clock generating circuit 212 produces the clock
pulse with the frequency same as that of the clock pulse
generated from the clock generating circuit 113 at the
side of the VTR 10. When the start signal transmitted
from the side of the VTR 10 is detected in a start signal
detecting circuit 213, this clock generating circuit pro-
duces 8 clock pulses. |
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The communication line 30 is connected through the
transmitter-receiver 25 to the input terminal IN of the
communication control section 21 of the video camera
'20. The transmitter-receiver 25 includes a switching
transistor 251 connected between the communication
line 30 and the ground and the base thereof is supplied
with an output of an AND gate 253 through a resistor
252. To the AND gate 253, there is supplied a transmit-
- ting and receiving control signal RW2 from a terminal
R/W of the communication control section 21. When
the transmitting and receiving control signal RW2 is
logic “1” in level, the gate 253 is opened, whereby the
transmission data DT2 supplied thereto from the output
terminal OUT through an inverter 254 is supplied
through the gate 253 to the base of the transistor 251.
When the logic level of the data DT2 is “0”, the transis-
tor 251 is turned on to allow the communication line 30
to become the earth level, or logic “0”’ level. When, on
the other hand, the data DT?2 is logic “1” level, the
transistor 251 is turned off so that the logic level of the
communication line 30 becomes logic “1”.

According to the circuit arrangement as mentioned
above, the bidirectional communication between the
VTR 10 used as the master apparatus and the video
camera 20 used as the slave apparatus is carried out such
that in this embodiment, as shown in FIG. 5, a combina-
tion of the transmission period P for the data DT1 from
the VTR 10 and the transmission period P for the data
DT?2 from the video camera 20 is arranged as one block
and this one block is cyclically repeated at every prede-
termined period. Further, a start signal corresponding
to one bit amount in the beginning of each of the trans-
mission data DT1 and DT2 is produced from the VIR
10 which is used as the master apparatus and this start
signal is transmitted to the side of the video camera 20,

thus on the basis of this start signal, the transmission and
reception of data being carried out, or a data transmis-

sion of a start-stop synchronizing system being carried
out.

In this case, in order to discriminate the transmission
periods P1 and P; of one block and the transmission
periods P and P; of another one block from each other,
a period T between the periods P; and P, of one block
and a period T; between the blocks are made different
from each other as T <T». The period T3 is selected to
have a duration of time long enough in which the data
processing 1s carried out in the VTR 10 and the video
camera 20 and the operations corresponding to the data

can be carried out.
" In the case of this embodiment, the first transmission

period Pi1s used as the transmission period of data from

the VTR 10 and the second transmission period P is
used as the transmission period of the data from the
video camera 20. From the start signal generating cir-
cuit 114 of the communication control section 11 of the
VTR 10, there are repeatedly produced two start sig-
nals X1 and X at every predetermined cycle per block,
respectively.

The communication of each one block 1s carried out
~ as follows. |

That 1s, as shown in FIG. 4A, from the start signal
generating circuit 114 in the communication control
section 11 of the VTR 10, there is produced the start
signal X; which falls down to “0” by one bit amount
from a time point tg and at this time point tg, the trans-
mitting and receiving control signal RW1 (FIG. 4E)
developed at the terminal R/W becomes at high level so
that the VTR 10 is set in the transmission mode. Then,
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at a time point t; after the time point to with a delay of
one bit, since the start signal X rises up, the clock gen-
erating circuit 113 produces sequentially 8 clock pulses
by which the transmission data DT1 of 8 bits stored in
the shift register 111 is read out therefrom. Together
with the start signal X, the data thus read out is trans-
mitted through the AND gate 112 and the output ampli-
fier 161 to the communication line 30 (see FIG. 4D).

At this time, since the transmitting and receiving
control signal RW2 (FIG. 4F) of the communication
control section 21 at the side of the video camera 20 is
at low level, the video camera 20 is in the receiving
mode and thence the start signal X1 and the succeeding
transmission data DT1 are applied through the input
terminal IN to the communication control section 21.
Then, the start signal X is detected by the start signal
detecting circuit 213 and from a time point at which the
start signal X rises up, 8 clock pulses are sequentially
produced from the clock generating circuit 212 so that
on the basis of the 8 clock pulses, the received data DT1
is written in the shift register 211.

The data DT1 latched in this shift register 211 is
latched in the microcomputer through its data bus and
hence a predetermined operation corresponding to the
contents of data is carried out.

When the latching operation of the data DT1 in the
shift register 211 is ended, the transmission data DT2 of
8 bits stored in another register is transferred to the shift
register 211 in the form of a parallel data so as to be
transmitted from the video camera 20 to the VIR 10.

On the other hand, when the transmission of the data
DT1 is ended at time point ty, from the output terminal
OUT of the communication control section 11, an end
signal X3 of a predetermined bit number (for example, 2
bits) and which is at logic “1” in level is transmitted

through the output amplifier 161 to the communication
line 30, whereby to indicate the fact that the transmis-

sion of data DT1 to the side of the video camera 20 is
ended. At time point t3 after the end signal X3, the start
signal X2 which once again falls down to logic “0” by
one bit amount is produced from the start signal gener-
ating circuit 114 at the side of the VTR 10 and then it 1s
transmitted through the output amplifier 161 to the
communication line 30. Then, at time point t4 at which
the transmission of the start signal X is ended, the trans-
mitting and receiving control signal RW1 at the termi-
nal R/W of the communication control section 11 at the
side of the VTR 10 becomes at low level so that the
VTR 10 is set in the receiving mode, while the transmit-
ting and receiving control signal RW2 at the terminal
R/W of the communication control section 21 at the
side of the video camera 20 becomes at high level so
that the video camera 20 is set 1n the transmitting mode.

Then, the start signal X is detected by the start signal
detecting circuit 213 whereby from the time point t4, 8
clock pulses are sequentially produced from the clock
generating circuit 212. On the basis of the clock pulses,
the transmission data DT2 stored in the shift register
211 is transmitted through the output terminal OUT and
the transmitter-receiver 25 to the communication line

- 30.

Since at this time the VTR 10 is in the receiving mode
as earlier noted, this data DT2 is applied through this
input terminal IN to the communication control section
11. In this communication control section 11, when the
second start pulse X3 is produced from the start signal
generating circuit 114, from the time point t4 at which
this start pulse X5 rises up, 8 clock pulses are sequen-
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tially produced from the clock generating circuit 113.
On the basis of this clock pulse, the transmission data
DT?2 of 8 bits from the video camera 20 is written in the
shift register 111. Then, the data DT2 thus written is
latched in the microcomputer through its data bus in the

form of 8-bit parallel data and then decoded to thereby

carry out the predetermined operation corresponding
to the contents of the data.

In like manner, the transmission period of the VIR
10 and the transmission period of the video camera 20
are arranged as one block and this one block is periodi-
cally repeated hereinafter.

The above-described operations will be executed in
accordance with the following programs stored in the
respective microcomputers of the VIR 10 and the
video camera 20.

That is, FIG. 9 is a flow chart of a program at the side
of the VTR 10, in which steps 101 to 109 are repeated in
turn. Steps 105 to 107 are steps in which as mentioned
~ before, either of the commands from the video camera
20 and the key operation in the VTR 10 is preferentially
selected so as to determine the mode of the VTR 10 and
to prevent the mis-operation.

In step 109 for generating the transmission content, in
addition to the data corresponding to the key input
operation at the side of the VTR 10 and the data indica-
tive of the mode of the VTR 10 set by the remoie con-
trol signal from the side of the video camera 20, when

there are neither commands or information indicative of

mode to be transmitted to the side of the video camera
20, a data indicative of “no operation will be made” is
formed and then transmitted.

FIG. 10 is a flow chart of the program at the side of
the video camera 20, in which steps 201 to 208 are re-
peated sequentially. In this case, in step 208, a transmis-
sion data is formed and then stored in the register until
the start signal Xz arrives. Then, when this start mgnal
arrives, this data is transmitted in step 204.

The generation of the start signals X1 and X3 and the
generation of the clock pulse in the communication
control section 11 and the detection of the start signal
and the generation of the clock pulse in the communica-
tton control section 21 may be carried out under the
control of the microcomputer or by a hardware which
1s provided independently of the microcomputer.

In the above-described embodiment, since the first
period Py of the transmission period of one block is
assigned to the transmission period of the VTR 10 used
as the master apparatus and the succeeding period P, is
assigned to the transmission period of the video camera
20 used as the slave apparatus, the start signals X1 and
X are both transmitted from the side of the VTR 10
periodically. On the contrary, if the first period P; is
assigned to the transmission period of the slave appara-
tus and the succeeding period P;is assigned to the trans-
mission period of the master apparatus, as shown in
FIG. 6, concerning the start signal, only the first start
signal X 1s always transmitted periodically and only
when the transmission data is transmitted from the mas-
ter apparatus, the second start signal X, can be transmit-
ted.

Further, this invention can be applied to such a case
that there are one master apparatus and two or more
slave apparatus. For example, when the master appara-
tus 1s the VTR and the slave apparatus is a tuner and a
camera, as shown in FIG. 7, this can be realized by
assigning the first transmission period to the transmis-
sion period of the VTR, the second transmission period
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to the transmission period of the tuner camera and the
last transmission period is assigned to that of the cam-
era.

The adjacent one blocks and the transmission periods
Pi and Py within one block can be discriminated from

one another not only by the difference between the time
periods as in the above-described example but also by
inserting, as shown in FIG. 8, an identifying code of

“10” and an identifying code “11” before the data of the
transmission period and the reception period as seen
from one apparatus.

What is claimed 1s:

1. A data communication apparatus, in which a bidi-
rectional communication of data is carried out between
a master apparatus and a slave apparatus, comprising: a
single signal line forming a sole connection between
said master apparatus and said slave apparatus, means
for arranging a first data transmission period of one
apparatus and a second data transmission period of the
other apparatus as one block with a first blank period
between said first and second data transmission periods
containing a start signal from said master apparatus and
no data and with a second blank period between succes-
sive blocks in which no data except a start signal from
said master apparatus is transmitted or received, means
for discriminating said transmission period of said one
apparatus and said transmission period of said other
apparatus from each other and for discriminating said
one block from subsequent other blocks, means for
controlling the timing of the transmission and reception
by said start signal from said master apparatus for use in
transmitting a data from said slave apparatus to said
master apparatus, in which said start signal is periodi-
cally transmitted only from the stde of said master appa-
ratus to the side of said slave apparatus prior to the
respective starts of said first and second data transmis-
sion periods.

2. A data communication apparatus as claimed in
claim 1, in which said means for discriminating per-
forms a discrimination between said data transmission
period of said one apparatus and said data transmission
period of said the other apparatus and a discrimination
between said blocks are respectively carried out by
detecting a difference between said first blank period
between a transmission period and a reception period
and said second blank period between said successive
blocks. |

3. A data communication apparatus claimed in claim
1, in which said means for discriminating performs a
discrimination between said first and second blank peri-
ods by inserting discrimination codes in addition to said
start signal in said blank period between successive
blocks before a transmitting data and a receiving data.

4. A data communication apparatus as claimed in
claim 1, in which said transmission period of said one
apparatus is always assigned to a transmission period of
said master apparatus and said transmission period of
sald the other apparatus 1s always assigned to a trans-
mission period of said slave apparatus.

5. A data communication apparatus as claimed in
claim 1, in which said means for arranging a transmis-
sion period includes means for assigning a first data
period of said one block to said master apparatus and a
second data period of said one block to said slave appa-
ratus.

6. A data communication apparatus as claimed in
claim 1, in which said means for arranging a transmis-
sion period includes means for assigning a first data
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period of said one block to said slave apparatus and a
second data period of said one block to said master
apparatus. ..

7. A data communication apparatus as claimed in
claim 1, in which said master apparatus is a recording

apparatus and said slave apparatus is a signal source of

a recording signal.
8. A data communication apparatus as claimed in
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claim 1, in which said master apparatus is a reproducing
apparatus and said slave apparatus is a processing appa-

ratus for a signal to be reproduced.
9. A data communication apparatus as claimed 1n

claim 1, in which said master apparatus is a recording
and reproducing apparatus and said slave apparatus is a

control apparatus thereof.
* ¥ X Xk %
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